Objective: Unintentional falls in older adults (persons 65 years of age and older) impose a significant economic burden on the health care system. Methods for calculating state-specific health care costs are limited. This study describes 2 methods to estimate state-level direct medical spending due to older adult falls and explains their differences, advantages, and limitations. Design: The first method, partial attributable fraction, applied a national attributable fraction to the total state health expenditure accounts in 2014 by payer type (Medicare, Medicaid, and private insurance). The second method, count applied to cost, obtained 2014 state counts of older adults treated and released from an emergency department and hospitalized because of a fall injury. The counts in each state were multiplied by the national average lifetime medical costs for a fall-related injury from the Web-based Injury Statistics Query and Reporting System. Costs are reported in 2014 US dollars. Setting: United States. Participants: Older adults. Main Outcome Measure: Health expenditure on older adult falls by state. Results: The estimate from the partial attributable fraction method was higher than the estimate from the count applied to cost method for all states compared, except Utah. Based on the partial attributable fraction method, in 2014, total personal health care spending for older adult falls ranged from $48 million in Alaska to $4.4 billion in California. Medicare spending attributable to older adult falls ranged from $22 million in Alaska to $3.0 billion in Florida. For the count applied to cost method, available for 17 states, the lifetime medical costs of 2014 fall-related injuries ranged from $68 million in Vermont to $2.8 billion in Florida. Conclusions: The 2 methods offer states options for estimating the economic burden attributable to older adult fall injuries. These estimates can help states make informed decisions about how to allocate funding to reduce falls and promote healthy aging. Control and Prevention, 4770 Buford Hwy, NE, Atlanta, GA 30341, USA (yhaddad@cdc.gov In 2015, there were more than 3 million emergency department (ED) visits due to a fall and 28 000 fallrelated deaths.
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In 2015, there were more than 3 million emergency department (ED) visits due to a fall and 28 000 fallrelated deaths. 1, 2 Overall, in 2015, falls accounted for approximately 64% of injury-related ED visits and 54% of injury-related deaths among older adults. 2 The injuries sustained after a fall can result in prolonged use of health care services incurring high health care costs. [3] [4] [5] [6] Given the older adult population in the United States is projected to increase by 55% between 2015 and 2030, 7 projected fall rates and health care spending are also likely to soar. 8, 9 A number of studies estimated what the United States spends on fall-related medical costs. 3, 5, [10] [11] [12] [13] [14] Each uses different methods and obtains only national estimates. For example, Florence et al used the Medicare Current Beneficiary Survey data to estimate the fraction of total health care expenditures attributable to falls and then applied that fraction to the total US expenditures for medical care from the Centers for Medicare & Medicaid Services' National Health Expenditure Accounts (NHEA). The result was an estimated annual cost of $49.5 billion. 15 Another study calculated a total cost to treat falls by using direct medical cost estimates in 2015 for both fatal and nonfatal fall injuries in the hospital, ED, and outpatient settings. 11 The authors found that in 2015, there were 3.2 million nonfatal falls that received medical treatment at an estimated cost of $31.3 billion to Medicare. 11 Dieleman et al 13 estimated spending for 155 health conditions including fall-related injuries using 183 data sources (eg, government budgets, insurance claims, facility surveys, and official records). They found that fall injuries among older adults ranked fifth among the 155 health conditions in personal health care spending in 2013, with an estimated $36.8 billion spent. 13 These national estimates vary because of differences in methods used to identify a fall, the databases used to extract cost and count information, and in the study designs. While each study uses the same target population, adults 65 years of age and older, the population composition varies on the basis of the data source used (eg, hospital discharge, Medicare data, Medical Expenditure Panel Survey). These differences make it difficult to compare across estimates. In addition, these estimates provide no information on the economic burden within individual states.
The economic burden of older adult falls impacts government-funded programs heavily. Eight percent of Medicaid expenses for older adults are spent on falls. 15 Medicaid, jointly funded by states and the federal government, is the largest single source of health care coverage in the United States and has a substantial impact on state budgets. 16 As fall prevention strategies for older adults are commonly implemented at the state level or below, 17 it is vital for states to calculate how much of their Medicaid spending is for specific health conditions. Currently, states have limited data for estimating their fallrelated medical costs. The purpose of this study is to provide guidance to states on how to estimate their economic burden of older adult falls. Specifically, we describe 2 methods states can use to estimate state-level health care spending for older adult falls in the absence of comprehensive state data and discuss the strengths and weaknesses of each method. The intended audiences for this study are state policy makers, health care practitioners, and public health practitioners addressing fall prevention in their states.
They could benefit from the state-level estimates as they prioritize expenditure and policy development on proposed interventions and projects.
Methods
The 2 methods we used to estimate state-level health care spending are the partial attributable fraction and the count applied to cost. The incidence and cost of falls were limited to older adults (65 years of age and older) for both cost estimation methods.
Partial attributable fraction
The first method was to calculate state spending on personal health care attributable to older adult falls using the partial attributable fraction method ( Figure) . First, we obtained each state's estimate of the personal health care spending by payer type (Medicare, Medicaid, private insurance) from the state health expenditure account, a file within the NHEA. 19 These data included spending for all ages in 2014, the most recent data available. The personal health care spending estimate is reported by the 3 major payer types and includes health care services cost estimates such as inpatient and outpatient hospital services, prescriptions, durable medical equipment, physician and clinical services, other professional services, and adjusted estimates for freestanding home health care and skilled nursing facilities expenditures for Medicare and Medicaid. 20 Detailed methodology and model specifications can be found on the Centers for Medicare & Medicaid Services Web site. 20 Second, we obtained the proportion of the population aged 65 years and older by state using the United States Census Bureau files. 18 We calculated an older adult factor by comparing the state proportion with the national proportion of older adults in the population.
Third, we calculated the proportion of national personal health care spending attributable to older adults by payer type. To do this, we used the national age and gender files (not available by state) from the 2012 NHEA, the most recent data available, to obtain the proportion of spending on older adults by type of payer in each state multiplied by the states' older adult factor. In 2012, 80.1% of Medicare spending, 22.2% of Medicaid spending, and 14.2% of private insurance were on older adults nationally. Finally, the 4 data points were multiplied together for each payer type. The results are state-specific estimates of personal health care spending for older adult falls by payer type adjusted for population estimates of older adults in the states. The 95% CIs were estimated using the range of estimated confidence limits for the national attributable fraction.
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Count applied to cost
To calculate the state spending on health care attributable to older adult falls using the count applied to cost method, we used counts of fall injuries from the Healthcare Cost and Utilization Project (Figure) . The Healthcare Cost and Utilization Project includes the largest collection of longitudinal hospital care data in the United States. The HCUP State Emergency Department Databases (SEDD) and the State Inpatient Databases (SID) contain data on hospital discharges, ED visits, diagnosis on admission, and other information that can be used to determine the number of fallrelated ED visits and hospitalizations. 21 First, we obtained the number of older adult fall hospitalizations per state from the HCUP SID. The number of participating states varies by year. In 2014, we obtained data from 26 states including Arizona, Arkansas, Colorado, District of Columbia, Florida, Georgia, Hawaii, Iowa, Kentucky, Maryland, Michigan, Minnesota, Nebraska, Nevada, New Jersey, New Mexico, New York, North Carolina, Oregon, Rhode Island, South Dakota, Utah, Vermont, Washington, West Virginia, and Wisconsin. Fall hospitalizations in SID were determined by a fall-related injury diagnosis (eg, fracture of skull, fracture of upper or lower limb, intracranial injury, dislocation, sprains) in any of the first 3 fields and a fall-related external cause of injury E-code (E880.0-E886.9, E888; eg, accidental fall from a chair, accidental fall on or from stairs, fall on same level from collision). 22 Twelve states (Arkansas, Florida, Georgia, Iowa, Maryland, Nebraska, New Mexico, New York, Utah, Vermont, Washington, and Wisconsin) in the SID included 2 additional variables: VisitLink and DaystoEvent. These variables allowed us to identify and remove any readmissions in the same year for fall injury. Readmission rates ranged from 4% to 9%. Readmissions could not be removed from the fall hospitalization counts for the other states.
Second, we obtained the total number of ED visits for older adult falls in each state. In 2014, we obtained data from 17 participating states. These states were Arizona, Arkansas, Florida, Georgia, Hawaii, Iowa, Kentucky, Maryland, Minnesota, Nebraska, Nevada, New Jersey, North Carolina, Rhode Island, Utah, Vermont, and Wisconsin. The SEDD captures discharge information on all ED visits that do not result in a hospital admission. Similar to the first step, ED visits for fall injuries were identified by the presence of a fall-related injury diagnosis in any of the first 3 diagnosis fields and a fall-related external cause of injury E-code. 22 The 2 additional variables VisitLink and DaystoEvent were available for 9 states and were used to remove readmissions in the same year for fallrelated injury from Arkansas, Florida, Georgia, Iowa, Maryland, Nebraska, Utah, Vermont, and Wisconsin. Readmission rates ranged from 9% to 13%. For the other states, the readmissions could not be removed from the ED counts.
Third, we obtained the national lifetime average medical cost for an older adult ED visit and hospitalization due to a fall injury. These data were obtained from the Centers for Disease Control and Prevention's WISQARS Cost of Injury database, 23 methods previously described. 24 The counts used for the 2014 cost estimates were based on the 2010 base year. Those costs reported for 2014 were for unintentional falls treated in the ED and released visit ($3294) and unintentional fall hospitalizations ($41 091).
Finally, we multiplied the state-specific number of ED visits and hospitalizations by applicable average costs obtained from WISQARS. The resulting ED and hospitalization costs were summed for the 17 states that had both cost estimates (Arizona, Arkansas, Florida, Georgia, Hawaii, Iowa, Kentucky, Maryland, Minnesota, Nebraska, Nevada, New Jersey, North Carolina, Rhode Island, Utah, Vermont, and Wisconsin).
All analyses were performed using SAS (version 9.3, SAS Institute Inc, Cary, North Carolina).
An institutional review board application was submitted for review and approval from the Emory University institutional review board. Because the data used did not include research with human subjects, the project received an exemption and informed consent was waived.
Results
Partial attributable fraction
For 2014, the states with the highest estimated all payer health care spending for older adult falls using the partial attributable fraction method were California ($4.4 billion), Florida ($3.9 billion), and New York ($3.4 billion) (see Supplemental Digital Content Table 1 , available at http://links.lww.com/JPHMP/ A466). The states with the lowest estimated personal health care spending on older adult falls were Alaska ($48 million), Wyoming ($60 million), and North Dakota ($91 million). Medicare spending for older adult falls ranged from an estimated $22 million in Alaska to $3.0 billion in Florida. Medicaid spending for older adult falls ranged from an estimated $9 million in Wyoming to $969 million in California. Private insurance spending for older adult falls ranged from an estimated $11 million in Alaska to $652 million in California. (Table 1) .
Count applied to cost method
In 2014, the lifetime all payer medical costs of all hospitalizations ranged from $50 million in District of Columbia to $2.3 billion in Florida. The lifetime medical costs of ED treated and released falls ranged from $15 million in Vermont to $450 million in Florida (Table 1) .
Discussion
By the year 2050, the older adult population in the United States will grow to an estimated 84 million. 9 Given falls are the leading cause of fatal and nonfatal injuries in older adults and fall rates are on the rise, we can anticipate that falls will result in a significant economic burden on the health care system if more is not done to prevent them. 8, 9 Previous studies have estimated only the economic burden of falls on the national level. This study provides states with 2 different ways to estimate fall-related health care costs in older adults. States may benefit from estimating their state-level spending on older adult falls because a substantial proportion of state budgets are spent on Medicaid and 8% of Medicaid spending on older adults are for fall-related medical expenses. The estimates provided in this study can help states make informed decisions about how to allocate funding to reduce falls and promote healthy aging. Effective programs and interventions can be implemented at the clinical, community, or local level. [25] [26] [27] [28] The 2 health care cost estimation methods offer different advantages, disadvantages, and limitations. payer type are specifically important for state-based planning related to the government-funded programs Medicare and Medicaid, which finance the majority of the costs of older adult falls. 29 This method uses publicly available health care expenditure data.
There are also disadvantages in using the partial attributable fraction method. The state health expenditure account file of the NHEA used is available only for a limited number of years and updated approximately every 5 years. The most recent data available for this study were from 2014. In addition, the partial attributable fraction spent on older adult falls is based on nationally calculated costs to estimate the state spending, which may provide an over-or underestimate of the state's actual costs. Notably, this estimate is adjusted to account for state differences in the proportion of the population that is 65 years of age and older.
We acknowledge a considerable difference in the proportion of older adults residing in each state. We attempted to offset the variation by calculating an older adult factor. This factor compares the state's proportion of older adults to the national proportion of older adults and applying it to the overall proportion of spending on older adults per state. Although we adjusted for state differences in the proportion of older adults in the population, there are limitations to this method in that it assumes that (1) the proportion of health care spending on older adults by payer type is constant across states and years, (2) health care spending due to a fall by payer type is constant across states and years, and (3) the prevalence of falls is similar for all older adults (eg, community dwelling, institutionalized) in all states. From a previous study, we know that the rate of falls reported by older adults varied across states ranging from 20.8% to 34.3%. 1 These assumptions may be invalidated if the costs of health care services (for falls or other heath conditions) or the prevalence of falls among older adults vary substantially across states and years.
Count applied to cost method
The count applied to cost uses data from the HCUP database, which is available for some but not all states each year. States can also use their own count of older adult fall injury hospitalizations and ED visits for the entire state, smaller localities, or facilities. Use of the state-specific counts allows states to monitor trends in fall injuries and track changes in health care costs across years. This is useful for evaluating effectiveness of established prevention strategies in reducing fall injuries and lowering health care costs.
There are also disadvantages in using the count applied to cost method. Not all states participate in the HCUP databases. Therefore, non-HCUP participating states would have to use the partial attributable fraction method or their own data from statewide ED and hospitalization records if available. The count applied to cost uses national average medical costs to estimate lifetime spending associated with a fall injury and may provide an over-or underestimate of the state's actual costs.
A limitation of this method is that the HCUP data used in the count applied to cost method are subject to coding errors. Depending on the circumstances of the injury, the fall leading up to the injury may not be properly coded. There may also be coding differences across facilities, providers, and states. In addition, not being able to remove readmissions from the HCUP data in some states can also bias the count applied to cost estimates. If data on readmissions cannot be removed, the count applied to cost method may overestimate the health care spending for that state.
Method comparison and implications
The partial attributable fraction method was the higher estimate between the 2 methods with the exception of Utah (Table 2 ). There are a number of reasons why a difference is seen between the estimates for the states with costs calculated from both methods (see Supplemental Digital Content Table 2 , available at http://links.lww.com/JPHMP/A467). First, the partial attributable fraction estimates the expenditures associated with an older adult fall regardless of injury or need for medical attention in ED or hospitalization. The count applied to cost method is limited to fall injuries in older adults that resulted in an ED visit or hospitalization. Second, the partial attributable fraction method captures added health care expenditures not directly associated with facility costs such as outpatient costs, prescriptions, and other medical services received that is paid for by Medicare, Medicaid, or private insurance. 19 The count applied to cost method is limited to lifetime costs associated with fall injury hospitalizations and ED visits for falls including hospital readmission charges, rehabilitation costs, and follow-up visits beyond 18 months for serious injuries. 23, 24 While the count applied to cost method is a lifetime estimate, multiple studies have indicated that falls resulting in injury requiring hospitalization resulted in higher costs for up to 12 months after the fall, with approximately 90% of the costs incurred in the first 3 months after the fall. 30 The costs were mainly associated with hospitalization fees and 
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post-acute care components immediately after a fall. 31 Therefore, it assumes that the majority of the lifetime costs captured in the count applied to cost method are also likely captured in the partial attributable faction method. Third, the partial attributable fraction provides a cross-sectional estimate of older adult falls for 1 year, while the count applied to cost method provides a lifetime estimate of a fall injury associated with a hospitalization or ED visit. Economic analyses are dependent on the assumptions they make and may introduce inaccuracies in cost estimation by either method. Specifically, for partial attributable fraction, we assumed that fall prevalence and proportion of spending by payer type on older adult falls are similar for all states, after adjusting for differences in the proportion of older adults per state. For count applied to cost, we used the WISQARS cost of injury reports, which assume that the cost of treatment for any hospitalized or EDtreated fall injury is similar in all states. While these are notable limitations, we view both methods introduced here as valuable resources for states and local governments to evaluate the economic burden of older adult falls in their communities. States and local governments can use 1 of the 2 methods, depending on data availability and needs, to estimate spending on older adult falls (see Supplemental Digital Content Table 2 , available at http://links.lww.com/ JPHMP/A467). Specifically, by using the partial attributable fraction method, states can estimate spending on older adult falls by the publicly funded health care programs Medicare and Medicaid. The count applied to cost method allows states to use their own counts for residents hospitalized or admitted to EDs to obtain an estimate of lifetime costs due to fall injuries. In addition, the count applied to cost method is to track estimated economic burden across years to assess the economic impact of implemented prevention strategies on reducing the incidence of older adult fall injuries requiring hospitalization or medical care in an ED.
Summary
Previous studies have estimated the economic burden of falls at the national level using various data sources (eg, Medicare data, Medical Expenditure Panel Survey, Medicare Current Beneficiaries Survey, NHEA, and national files of the Healthcare Utilization Project among others). 3, 5, [10] [11] [12] [13] [14] However, none of the previously described methods provided states with the capability of assessing their own economic burden. While both methods described here rely on nationally calculated costs, they are applied to actual state-reported counts from HCUP SID and SEDD or
Implications for Policy & Practice
■ Nonfatal falls among older adults aged 65 years and older can cause injuries associated with significant and prolonged economic costs to the patient and health care system. 5, 11, 13, 32 ■ The economic burden is often underestimated at the national level because of use of historic cost estimates, 11 inconsistencies in hospital discharge coding, 5 and inaccuracies of charges reported instead of costs. 13 ■ There are no state-level cost estimates.
■ As fall prevention strategies are often implemented at the state, county, or local levels, 17 it is important for states to be able to estimate the economic impact of older adult falls.
■ The methods highlighted in this study offer 2 ways of estimating state-based cost estimates.
■ The more comprehensive partial attributable fraction method offers detail on spending on older adult falls by payer type: Medicare, Medicaid, and private insurance.
■ The count applied to cost method allows states to use their own counts for residents hospitalized or admitted to emergency departments to obtain an estimate of lifetime costs due to fall injuries requiring medical treatment.
■ The count applied to cost method may also be used to track whether implemented prevention strategies are successful in decreasing the economic burden across years.
state-specific total health expenditures from NHEA to provide state estimates of spending on older adult falls. In the absence of comprehensive state-level data, states can use these 2 methods to estimate the medical costs of older adult falls. However, the estimates reported here should not be compared between states as state demographics and health care coverage may vary. Rather, these estimates can be used to quantify the state-specific expenditure on a common public health issue.
Conclusion
Given the growth in the older adult population and surge in older adult falls that is occurring across the United States, it benefits state decision makers and public health professionals to be able to calculate fall-related health care expenditures to inform efforts to efficiently allocate resources and implement costeffective prevention strategies. This study describes and provides information on the strengths and limitations of 2 different cost-estimating methods. These methods can help evaluate the success of state-driven prevention efforts and track the economic impact
